The far eastern catfish, Silurus asotus is a member of the freshwater family Siluridae, and is an important commercial catfish in Korea (Kim et al., 2001) . Average annual production of this species by culture in Korea was 5,139 tons at 2017 (Korean Statistical Information Service, 2017) . The market demand for this species has gradually expanded in recent years. However, the following two major limitations may reduce the profits of far eastern catfish culture. First, there is a sex-related dimorphism in the growth rate, i.e., females grow much faster than males (Kim et al., 2001) . This leads to difficulty in effective stock management and frequently results in severe cannibalism in farms during the early stages of life. Second, precocious maturation prior to the fish reaching marketable size necessitates an extended cultivation period beyond sexual maturity. Upon attaining sexual maturity, these fish begin to experience reduced growth and decreased feeding efficiency (Choi et al., 1992) . Therefore, the induction of triploidy offers more rapid growth and added value due to the increased production of larger catfish (Lim et al., 2017) .
Triploidization is a technique used to generate sterile aquatic animals by taking advantage of the incompatibility in pairing the three homologous chromosomes during meiosis I (Don & Avtalion, 1986) . This technique has also been used to enhance the productivity of several fish species because of its assumed ability to increase yield by channeling the energy required from gonadal development to somatic growth (Tave, 1993; Gil et al., 2017; Lim et al., 2017) . More importantly, it generates fish that are unable to breed and contribute to the local gene pool if they were to accidentally escape from confinement. By conferring sterility of exotic fish for a limited purpose, triploidy can serve as an effective method for reducing or eliminating the environmental risks of genetically modified organisms (Dunham & Devlin, 1999) .
In intensive culture systems fish are continuously exposed to stress (Gamperl et al., 1994) , including increased density, inadequate nutrition, poor sanitation, injury during handling, high water temperature or low water temperature. Stress responses can include physiological changes such as oxygen uptake and transfer, metabolic and hematological changes, mobilization of energy substrates, reallocation of energy away from growth and reproduction, and suppressive effects on immune functions (Pickering & Pottinger, 1989; Barton & Iwama, 1991) . These changes can increase disease susceptibility leading to increased mortality and subsequent economic losses.
Knowledge of the oxygen consumption rate of a species is of great interest in aquaculture, since it represents an indication of the metabolic expenditure of animals to maintain their vital functions through an aerobic metabolism (Brett & Groves, 1979) . In the specific case of crustaceans, oxygen consumption is influenced by environmental factors such as oxygen concentration, temperature, salinity or the light-dark cycle, as well as by intrinsic factors such as bodyweight, activity level, feeding state, moulting cycle or biological rhythms (Daoud et al., 2007; Li et al., 2007; Perera et al., 2007) . In addition, manipulation and the type of feed supplied may provoke significant changes in oxygen consumption (Hewitt & Irving, 1990) . Oxygen consumption per unit weight is an objective and versatile characteristic describing the level of metabolism. Rate of gas exchange gives an indication of energy expenditure on the life-supporting functions associated with growth, feeding and reproduction. It is correlated with such important economic criteria as survival, productivity and growth rate (Kazakov & Khalyapin, 1981) . The physiological response of fish under stress can be sorted by first, second, and third responses (Barton & Iwama, 1991) . The first response is to increase internal secretion activities by promoting the secretion of catecholamine and glucocorticoid, thus inducing the second response where the fish then undergoes metabolic and hematological changes which subsequently induce the final and third response by which time the fish starts to exhibit obvious signs of stress and discomfort (Thompson et al., 1993) .
For the purpose of our investigation the commercially important far eastern catfish was chosen as the case-study species. Seol et al. (2008) has been able to show that the diploid and triploid far eastern catfish does exhibit haematological parameters and respiratory function such as erythrocyte nuclear size, oxygen consumption rate and respiratory frequency. However, previous research on far eastern catfish has no investigated comparative analysis of respiratory function and metabolic rate between diploid and triploid. Thus, we have determined to examine the comparative analysis of respiratory function and metabolic rate between diploid and triploid in far eastern catfish. That is, the aims of this study are to ascertain if triploid induces respiratory function and metabolic rate change and to contribute to this knowledge-base by investigating the difference of physiological responses under low water temperature stress between diploid and triploid far eastern catfish.
On June 14, 2010, triploid induction of the far eastern catfish, Silurus asotus was carried out according to the method of Kim et al. (2001) . Mature females were induced to spawn using a single intraperitoneal (IP) injection of 1,000 IU of human chorionic gonadotropin (hCG, Sigma, USA) per kg body weight (BW). Sperm were obtained by cutting the surgically removed testes of males that had been given an IP injection of hCG at 500 IU/kg BW. Eggs were fertilized with sperm diluted in saline using the wet method. Five minutes after fertilization, the eggs were rinsed rapidly to remove excess sperm and were immediately subjected to cold-shock treatment (4℃) for 60 min to prevent the extrusion of the second polar body. Untreated fertilized eggs were used as diploid controls.
Diploid and triploid individuals (n=100) were cultivated by the method of Kim et al. (2001) . All fish were reared in 450-L tanks under the same hydrological conditions. Wa- Mixtures of sample in 100 mL antiserum were incubated for 45 min at 37℃, and then 1,000 mL separation reagent was added. The mixture was placed in a refrigerator at 4℃
for 15 min and then centrifuged at 1,200 g for 15 min. Supernatant was assayed for gamma radiation using an automatic gamma counter (Cobra; Packard, USA (Duncan, 1955) . All experiments were performed triplicate.
During the low water temperature stress test, the respiratory frequencies of diploid and triploid far eastern catfish,
Silurus asotus increased until 12 hrs and then decreased gradually until 48 hrs, respectively (Fig. 1) . The respiratory frequency was affected by ploidy, and the respiratory frequencies of diploid were lower than triploid while 30 hrs (p<0.05). After 36 hrs, the respiratory frequencies were not significantly different between diploid and triploid during 12 hrs (p>0.05).
During the low water temperature stress test, the CO2 concentrations increased dramatically until 30 hrs and then increased gradually until 48 hrs, respectively (Table 1 ).
The CO2 concentration was not significantly different between diploid and triploid during 6 hrs (p>0.05). After 6 hrs, the CO2 concentrations were affected by ploidy, and the CO2 concentrations of diploid were significantly higher than triploid while 42 hrs (p<0.05). The NH4 + concentrations increased dramatically until 24 hrs and then increased gradually until 48 hrs, respectively (Table 1 ). The NH4 + concentrations of diploid were higher than triploid during experimental period (p<0.05). The pH decreased dramatically until 12 hrs and then decreased gradually until 48 hrs, respectively ( Table 1 ). The pH values of diploid were lower than triploid during experimental period (p<0.05).
The oxygen consumption increased until 12 hrs and then decreased gradually until 48 hrs, respectively (Fig. 2) . The oxygen consumption rates were not affected by ploidy (p>0.05), and the oxygen consumption rates of diploid The values are means of triplicate groups (n=100). Differences between diploid and triploid are significant at this level (p<0.05). In case of lactic acid, there were no significantly difference between diploid and triploid during low water temperature stress test (Fig. 5) . In 24 hrs, the lactic acid concentration of diploid and triploid was highest 2.61 mmol/L, 2.60 mmol/L for the low temperature exposure, respectively (p<0.05). In the study, our results show the tendency that plasma cortisol level increased faster than glucose and lactic acid concentrations and plasma glucose concentrations increased faster than lactic acid in both diploid and triploid far eastern catfish.
In this study, CO2 and NH4 + concentrations of diploid far eastern catfish, Silurus asotus had higher values than those of triploid, and the respiratory frequencies and pH values of diploid were lower than triploid during low water temperature stress test. The oxygen consumption rates
were not significantly different between diploid and triploid. The result of this study was similar to previous study of Seol et al. (2008) , who reported that the oxygen consumption rate did not differ significantly between diploid and triploid far eastern catfish. The respiratory frequency of triploid far eastern catfish was higher than diploid, so the respiratory function of triploid was lower than diploid . As noted by Benfey (1999), numerous studies have shown that oxygen consumption rates are similar for triploids and diploids under a variety of experimental conditions (Oliva-Teles & Kaushik, 1987; Aliah et al., 1991) . However, we have found previous studies that contrast with this study. Stillwell & Benfey (1996) found that the triploid brook trout, Salvelinus fontinalis, had a lower oxygen consumption rate than the diploid fish.
Oliva-Teles & Kaushik (1987) examined triploid rainbow trout, Oncorhynchus mykiss, they produced in two different ways, found that those originating from the retention of the second polar body (the most common way of producing triploids, triploid far eastern catfish were induced by this method: Benfey, 1999) had higher oxygen consumption rates than diploids or triploids that originated from diploid -tetraploid crosses, which had intermediate oxy-
gen consumption rates. Few of these studies can be compared because of differences in the sizes and stages of development of the fish studied and in their levels of activity both before and during the oxygen consumption measurements. The importance of controlling for activity, sex, and maturity in studies of triploid hematology, respiratory and physiology has been outlined by Stillwell & Benfey (1996) .
The opercular abduction rate at a given oxygen consumption rate, a measure of respiratory system efficiency, has been shown to be the same for triploids and diploids in some studies (Aliah et al., 1991; Stillwell & Benfey, 1996) , but higher for triploids in many other studies (Sezaki et al., 1991) .
The trends in plasma cortisol, plasma glucose and lactic acid concentrations of diploid and triploid far eastern catfish observed in this experiment are indicative of stressed reactions. Plasma cortisol and plasma glucose are recognized as useful indicators of stress in fish (Schreck, 1982) .
As expected trends in plasma cortisol levels increased significantly at the beginning of a chronic stress situation (Barton & Iwama, 1991) but then declined back to initial values thereafter (Tort et al., 1996) . Our results that plasma cortisol level increased faster than glucose and lactic acid concentrations, and plasma glucose concentrations increased faster than lactic acid was similar to a study carried out by Park et al. (2008 Park et al. ( , 2009 ).
Plasma cortisol and glucose levels in red drum Sciaenops ocellatus, simultaneously exposed to MS-222 and Quinaldine anesthetic, were reported to be elevated (Massee et al., 1995) . Barton & Iwama (1991) stated that "Usually, phenomenon that plasma cortisol concentration of fishes rises by stress is first order reaction, phenomenon that plasma glucose concentration rises is result of secondorder first order reaction by hormone rise reaction by stress.". This trend has been reported in the gray mullet
Mugil cephalus and kelp grouper Epinephelus bruneus . Das et al. (2004) suggested that the greater use of glucose for increased cell metabolism during early exposure may have overwhelmed the increase in blood glucose, even though glycogenolysis would have increased during this period (Martinez-Alvarez et al., 2002) . However, because of dysfunctional cell metabolism the lower use of glucose later in the exposure period (after 48 hrs) resulted in an increase in blood glucose levels. One of the more traditional stress indicators has been blood lactic acid (Pickering & Pottinger, 1989) . If experimental animal was added to chronic stress, then result of lactic acid concentration is high (Wedemeyer et al., 1990) . The accumulation of lactic acid in muscle or blood (hyperlacticemia) is now well accepted as an indicator of anaerobic metabolism due to fright or severe exertion . However, the view that lactic acidosis is the ultimate cause of death that sometimes occurs after severe exercise has been challenged .
The only controlled experiment to have assessed physiological aspects of the stress response of triploid is that of Biron & Benfey (1994) , who found no difference between triploids and diploids in hematocrit and plasma cortisol and glucose profiles after an acute handling stress. In light of abundant anecdotal information that triploids do not cope well with poor water quality, a common source of chronic stress in aquaculture, detailed study of the response of triploids to chronic stress is warranted. Poorer survival due to chronic stress may be reflected in reduced energy stores and/or increased rates of depletion of these stores during stressful conditions. Although substrate utilization during aerobic metabolism does not differ between triploids and diploids, it may be that triploids differ in their ability to withstand sustained anaerobic metabolism (Ojolick et al., 1995) .
Considering the results of this research, diploid has slower respiratory frequencies, releasing higher CO2 and NH4 + concentrations and causing faster acidification of water, and oxygen consumption rate was not different between diploid and triploid. In the same concentrations of dissolved oxygen, diploid were more used oxygen efficiently than triploid. Because triploid far eastern catfish were characterized by a lower concentration of circulating blood cells . In this study, oxygen capacities and metabolic abilities of diploids were higher than those of triploids. In low water temperature stress exposure, hormone responses of diploid were more sensitive than those of triploid. So, diploids were more sensitive for stress response than triploids. In this study, stress responses, metabolic ability and oxygen capacities were determined clearly between diploid and triploid. However, relationship between stress response and metabolic ability was not determined clearly in diploid and triploid. Thus, it is necessary to study the difference of physiological response between stress and metabolism in diploid and tri- 
